Prior to the early 1990s, penicillin resistance remained uncommon among clinical isolates of Streptococcus pneumoniae in the United States despite the emergence of this problem in many other parts of the world (1, 10) . In an ongoing national surveillance program conducted by the Centers for Disease Control through the decade of the 1980s, strains of S. pneumoniae that were not penicillin susceptible were recovered infrequently, i.e., 3 to 6% (23) . Furthermore, among those strains found not to be susceptible to penicillin, nearly all were penicillin intermediate (Pen i ) (i.e., penicillin MICs ϭ 0.1 to 1.0 g/ml). High-level resistant strains (Pen r ) (i.e., penicillin MICs of Ն2.0 g/ml) were extremely uncommon. These findings were corroborated by one large independent national surveillance study that characterized 487 isolates from 15 U.S. medical centers in 1987 to 1988 (9) . In this study, the percentages of Pen i and Pen r strains were found to be 3.8 and 0.2, respectively.
A major increase in the prevalence of penicillin resistance with the pneumococcus evidently took place some time during the early 1990s in the United States, because a national surveillance study performed by Thornsberry (24) . One year later during 1992 to 1993, Barry and coworkers observed even higher rates of penicillin resistance in a second U.S. national surveillance study (2) . Among 799 isolates from 19 U.S. medical centers, the prevalence of Pen i was 14.9%, and the prevalence of Pen r was 7.3%. The mechanism of penicillin resistance is alteration of highmolecular-weight penicillin-binding proteins (PBPs) (11) (12) (13) . These same PBPs are also important in manifesting the activity of other ␤-lactams such as the ␤-lactamase inhibitor combinations, cephalosporins, and carbapenems. As a result, the activity of all of these agents is diminished to at least some extent against pneumococci that are not susceptible to penicillin (2, 3, 6, 9, 12, 22) . In general, only cephalosporins with high intrinsic activity against penicillin-susceptible strains (Pen s ) of S. pneumoniae (i.e., cefotaxime, ceftriaxone, cefpodoxime, cefuroxime, and perhaps cefprozil) retain sufficient activity against Pen i strains to be considered of value in treating infections due to such organisms (6, 10) . Only cefotaxime and ceftriaxone are thought to be of utility in managing selected infections due to typical pen r isolates (6, 10) . Of great concern are recent reports of clinical isolates of Pen i S. pneumoniae with further alter-ations in PBPs that express high-level resistance against cefotaxime and ceftriaxone (4, 7, 20) . In addition to the emergence of ␤-lactam resistance, isolates of S. pneumoniae which are resistant to the macrolides, tetracycline, chloramphenicol, and trimethoprim-sulfamethoxazole (TMP-SMX) either alone or in some combination, are now also being recovered increasingly more often from human clinical material in the United States (2, 10). As was the case with ␤-lactam-resistant pneumococci, multiresistant strains had been recognized as a problem in other parts of the world prior to their emergence in the United States (1, 8, 10) .
The intent of the current multicenter national surveillance study was to clearly define the prevalence of antimicrobial resistance among clinical isolates of S. pneumoniae in the United States during the winter of 1994 to 1995. Sampling was performed prospectively in such a way as to provide large numbers of community-acquired isolates representative of different geographic areas, different patient populations, and different infectious disease conditions.
MATERIALS AND METHODS
A total of 1,527 isolates of S. pneumoniae were collected from 30 different U.S. medical centers between 1 November 1994 and 31 April 1995 (Table 1) . In all cases, isolates characterized in this study were recovered from consecutive unique nonhospitalized patients. With the exception of lower respiratory tract specimens, all isolates were obtained from specimens representative of normally sterile body sites (see Table 3 ). When recovered from lower respiratory tract specimens, only isolates of S. pneumoniae judged to be of at least probable clinical significance were included. In contributing study centers, isolates were subcultured onto 5% sheep blood agar plates and incubated overnight at 35 to 37ЊC in 5 to 7% CO 2 . A large amount of colony growth was collected on a rayon swab and immediately immersed in a specially devised, plastic-cap transport tube containing 12 ml of semisolid Aimes transport medium with charcoal (Difco Laboratories, Detroit, Mich.). Transport tubes were then shipped overnight to the coordinating study center, the University of Massachusetts Medical Center, where all additional analyses were performed. The recovery rate from this transport system was 100%.
Isolates were frozen at Ϫ70ЊC in the coordinating study center until further characterization. Following two subcultures, the identity of isolates was confirmed as S. pneumoniae by conventional tests and criteria. MICs were determined in Mueller-Hinton broth supplemented with 3% lysed horse blood by the broth microdilution method recommended by the National Committee for Clinical Laboratory Standards (NCCLS) (16, 17) . Microdilution trays (final volume of 100 l per well) were inoculated with ca. 5 ϫ 10 5 CFU/ml (final concentration) of test organism and incubated for 22 to 24 h at 35ЊC in ambient air prior to determining MICs. The following 23 antimicrobial agents, obtained as laboratory-grade powders from their respective manufacturers, were tested: penicillin, ampicillin, amoxicillin, amoxicillin-clavulanate (2:1), cefotaxime, ceftriaxone, quinopristin-dalfopristin (30:70), cephalexin, cefadroxil, cefaclor, loracarbef, cefprozil, cefuroxime, cefixime, cefpodoxime, erythromycin, azithromycin, clarithromycin, TMP-SMX (1:19), chloramphenicol, tetracycline, rifampin, and vancomycin. Twelve concentrations of each agent were tested such that off-scale results were obtained only infrequently. S. pneumoniae ATCC 49619 and Haemophilus influenzae ATCC 49247, ATCC 49766, and ATCC 10211 were used as controls.
Calculations of the percentages of isolates resistant to specific antimicrobial agents were restricted to compounds for which the NCCLS has established MIC interpretive criteria defining the resistant category for S. pneumoniae (17) . These compounds and criteria were as follows: amoxicillin, amoxicillin-clavulanate, cefotaxime, ceftriaxone, cefuroxime, azithromycin, and vancomycin, all Ն2 g/ ml; clarithromycin and erythromycin, Ն1 g/ml; chloramphenicol and tetracycline, Ն8 g/ml; and rifampin and TMP-SMX, Ն4 g/ml. The NCCLS penicillin breakpoints of 0.1 to 1 g/ml (intermediate category) and Ն2 g/ml (resistant category) were also employed.
RESULTS
A total of 1,527 isolates of S. pneumoniae were characterized in this study ( Tables 2 and 3 where rates of penicillin resistance were sorted by patient age and specimen type. The highest rates of resistance were observed in isolates from patients of Յ5 years of age and from specimens representative of predominantly childhood diseases (i.e., middle ear fluid and sinus aspirates).
Results obtained with 22 other antimicrobial agents are listed in Table 4 . Ampicillin appeared to be 1 twofold dilution less active than penicillin for isolates of pneumococci irrespective of penicillin susceptibility category. Amoxicillin and amoxicillin-clavulanate were essentially identical in activity and roughly equivalent to penicillin. Of the cephalosporins tested and compared solely on the basis of MIC values, there emerged a clear rank order of in vitro activity:
By comparing the geometric-mean MICs obtained with a given cephalosporin for Pen s strains of pneumococci versus the geometric-mean MICs obtained with the same antimicrobial agent for Pen i and Pen r strains, the relative influences of the PBP alterations responsible for the two levels of penicillin resistance on cephalosporin activity could be compared (Table  4 ). The magnitude of increase of cephalosporin MICs as organisms went from Pen s to Pen i and from Pen i to Pen r varied between 6-and 22-fold with individual antimicrobial agents.
Among the cephalosporins, resistance percentages were calculated only for cefotaxime, ceftriaxone, and cefuroxime, as these are the only agents for which the NCCLS has established interpretive criteria for resistance versus S. pneumoniae (17) . Overall, 3, 5, and 12% of pneumococcal isolates were resistant to these three antimicrobial agents, respectively. The percentages of resistance among Pen s , Pen i , and Pen r isolates were, respectively, 0, 1, and 32% for cefotaxime; 0, 2, and 50% for ceftriaxone; and 0.4, 36, and 100% for cefuroxime.
Rifampin activity was comparable among Pen s , Pen i , and Pen r strains, with a total of 7 (0.5%) strains resistant to rifampin (i.e., MICs of Ն4 g/ml) ( Table 4) . Similarly, no difference in activity was noted with vancomycin and quinopristin-dalfopristin among the three groups of pneumococci, with vancomycin being ca. fourfold more active than the combination. No vancomycin resistance was observed. The frequency of resistance with quinopristin-dalfopristin could not be calculated because of the absence of accepted MIC breakpoints for pneumococci.
The rank order of relative in vitro activities of the three macrolides examined in this study for the pneumococcus was clarithromycin Ն erythromycin Ն azithromycin (Table 4 ) when MIC 50 s (MICs at which 50% of the isolates are inhibited), MIC 90 s, and geometric-mean MICs were compared. In terms of overall prevalence of resistance, however, the macrolides appeared equivalent, with 10% of all study isolates found to be resistant to all three agents. Similar observations were made when rates of macrolide resistance were compared with strains in the three penicillin resistance categories. was near-complete cross-resistance among the three macrolides, with 97.6% of erythromycin-resistant strains also categorized as being resistant to azithromycin and clarithromycin. The overall percentages of strains resistant to chloramphenicol, tetracycline, and TMP-SMX were 4.3, 7.5, and 18, respectively (Table 4) . As was the case with the cephalosporins and macrolides, the resistance percentages with these agents were always higher with Pen i isolates than with Pen s strains and highest with Pen r organisms. The resistance percentages among Pen s , Pen i , and Pen r isolates were, respectively, 1, 7, and 32 with chloramphenicol, 0.3, 17, and 43 with tetracycline and 6, 40, and 80 with TMP-SMX.
Multiresistant strains are depicted in Table 5 . A total of 138 study isolates (9.1%) were noted to be multiresistant when multiresistance was defined as Pen i (n ϭ 49) or Pen r (n ϭ 89) plus resistance to at least two of the following compounds: erythromycin, TMP-SMX, chloramphenicol and/or tetracycline. Two patterns of resistance were apparent among the multiresistant strains. Nearly all chloramphenicol-resistant strains were also resistant to either tetracycline (i.e., 61 of 67 [91%]) and/or TMP-SMX (i.e., 54 of 67 [80.6%]). The large majority of strains that were resistant to at least three if not all four of these non-␤-lactam agents were also Pen r , i.e., 58 of 79 (73.4%).
DISCUSSION
It is apparent from the results of this prospective national 30-center surveillance study that penicillin resistance with outpatient isolates of S. pneumoniae has emerged as a major problem in the United States. Although the percentages of Pen i and Pen r strains varied significant among different medical centers, the overall national percentage was 23.6, with approximately two of every five nonsusceptible strains manifesting Pen r . As has been reported by others, the highest rates of penicillin resistance were noted with pneumococci from pediatric patients, in particular, those with infections such as otitis media or sinusitis, i.e., conditions often associated with extensive exposure to oral ␤-lactam antimicrobial agents and the resulting selective pressure (5, 14, 18) . Both Pen i and Pen r strains were also, however, frequently recovered from adults in the present study, as has been previously reported (19) . Two previous multicenter national surveillance studies have been conducted in the United States since 1990, i.e., the period during which penicillin-resistant pneumococci apparently emerged as a major problem (2, 24) . The first study, in 1991 to 1992, found 15.2% Pen i and 2.6% Pen r strains (24) . The second study, in 1992 to 1993, observed percentages of 13.9 and . Obviously, this has major therapeutic implications insofar as Pen r organisms are likely to be more refractory to management with penicillin irrespective of the infectious disease condition with which they are associated and are also most resistant to other ␤-lactam antimicrobial agents.
The results of this study also permit comparisons of the activities of other ␤-lactam antimicrobial agents versus contemporary pneumococci. Ampicillin was consistently 1 twofold dilution less active than penicillin. Amoxicillin and amoxicillinclavulanate appeared to be essentially comparable to penicillin in activity. The enhanced activities of these two compounds versus penicillin for Pen i and Pen r S. pneumoniae, as has been previously described (22) , was not observed in this study. Of interest were observations pertaining to resistance percentages with amoxicillin and amoxicillin-clavulanate against Pen r strains, i.e., 66 and 60, respectively. These values indicate that a reasonably high percentage of Pen r isolates of S. pneumoniae would be categorized as being something other than resistant to amoxicillin and amoxicillin-clavulanate according to current NCCLS breakpoints (17) . Indeed, application of current breakpoints would give these two compounds the appearance of being more active than cefuroxime and nearly as active as cefotaxime and ceftriaxone against Pen r organisms. The cephalosporins could be separated into several groups with respect to in vitro activity as expressed by MIC 50 s, MIC 90 s, and geometric-mean MICs. Two oral agents, cephalexin and cefadroxil, had limited activity even for Pen s S. pneumoniae. Three other oral cephalosporins, loracarbef, cefaclor, and cefixime, were generally active only against Pen s strains. One agent, cefprozil, demonstrated at least modest activity versus Pen i isolates in addition to being uniformly active against Pen s strains. Two cephalosporins, cefuroxime and cefpodoxime, were, like cefprozil, active against Pen s strains but demonstrated greater activity than cefprozil against Pen i isolates. All three of these agents lacked activity against Pen r isolates. Finally, two parenteral expanded-spectrum cephalosporins, cefotaxime and ceftriaxone, were nearly uniformly active against both the Pen s and Pen i strains and demonstrated at least some activity against Pen r strains. Resistance to cefotaxime and ceftriaxone has previously been described with S. pneumoniae (4, 7, 20) . It has typically been observed with Pen i strains and has been noted to be the result of specific PBP alterations (7, 15 ). In the current study, fully 3.2% (cefotaxime) and 5.1% (ceftriaxone) of all study isolates had MICs of Ն2 g/ml and thus were classified as resistant according to the criteria of the NCCLS (17) . There was near-complete cross-resistance between these two agents, to wit, all cefotaxime-resistant isolates were also ceftriaxone resistant. Among the 1.9% of strains that were resistant to ceftriaxone but not resistant to cefotaxime, all but one had cefotaxime MICs of 1.0 g/ml. The remaining isolate had a cefotaxime MIC of 0.5 g/ml. It is not clear whether these apparent slight differences in activity between cefotaxime and ceftriaxone represent anything more than subtle in vitro differences in antibacterial effect. It is unlikely that they translate into meaningful differences in clinical utility. Also of interest in this study was the finding that the vast majority of strains resistant to cefotaxime and ceftriaxone were Pen strains. Another 6-to 22-fold decrease in activity was observed. This information together with knowledge of the intrinsic activity of a particular cephalosporin versus Pen s strains permits reasonably accurate predictions of the activity of that agent for Pen i and Pen r strains. The three macrolides examined in this study, clarithromycin, erythromycin, and azithromycin, were characterized by comparable overall percentages of resistance of 10. The overall percentages of chloramphenicol, tetracycline, and TMP-SMX resistance were 4.3, 7.5, and 18, respectively. The percentages of resistance with all four of these antibiotic classes were significantly higher with Pen r strains than with Pen i isolates. Resistance was uncommon among Pen s organisms. Clearly, as has been described previously, resistance to non-␤-lactam agents, although mechanistically unrelated to penicillin resistance, occurs most commonly in the United States in strains of S. pneumoniae that are also ␤-lactam resistant (2, 21) . Of significance was the observation that 9.1% of isolates of S. pneumoniae in this survey were Pen i (3.2%) or Pen r (5.9%) and also resistant to at least two of the following four antibiotics or antibiotic classes: macrolides, tetracycline, chloramphenicol, and TMP-SMX. Such isolates are considered multiresistant (10) . Indeed, 23 isolates from 18 different centers were Pen r and resistant to all four of the non-␤-lactam agents noted above. Fourteen of these 23 organisms were also resistant to cefotaxime and ceftriaxone (MICs Ն2 g/ml). Rifampin resistance (i.e., 0.5%) was uncommon.
Among the agents examined in this study, vancomycin was the only compound for which no resistant strains were recognized (MIC 50 s and MIC 90 s, 1 and 2 g/ml, respectively). The quinopristin-dalfopristin combination was consistently active over a narrow concentration range (i.e., 0.25 to 4 g/ml) with MIC 50 s, MIC 90 s, and geometric-mean MICs 4-fold higher than those noted with vancomycin. However, in the absence of accepted interpretive criteria, rates of resistance could not be calculated with this combination.
In conclusion, antimicrobial resistance has clearly emerged as a very serious problem with S. pneumoniae in the United States. By analogy based on experiences in other parts of the world, this problem is likely to grow in the future. 
